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This study i s  p a r t  of a s e r i e s  examining t h e  e f f e c t s  of various 
ambient temperatures and r e l a t i v e  humidities on the  organism. 
conducted i n  t h e  State I n s t i t u t e  f o r  I n d u s t r i a l  Safety i n  Moscow. 

They were 

The purpose here was  t o  determine what influence high ambient t e m -  
peratures  exert on t h e  water-sodium chlor ide balance of t h e  body and 
e spec ia l ly  what changes i n  water-sodium chlor ide metabolism a r e  caused 
by perspir ing.  Persp i ra t ion  secre t ion  i s  a method by which the  body 
emits increased hea t .  The secre t ion  of persp i ra t ion  i s  influenced by 
t h e  c e n t r a l  nervous system. It i s  a nervously stimulated glandular 
funct ion,  which i s  t o  a g rea t  extent  dependent on blood c i r cu la t ion  
(Levy, K i t t s t e i n e r ) .  
and castoff  epithelium, i s  very d i f f i c u l t .  The technica l  d i f f i c u l t i e s  
inherent  i n  t h e  ex t r ac t ion  of persp i ra t ion  became sources of e r r o r  i n  
q u a l i t a t i v e  experiments. During profuse persp i ra t ion  secret ion,  which 
i s  stimulated by pi locarpine or steam baths,  these  d i f f i c u l t i e s  decrease.  
I n  quan t i t a t ive  experiments, t he  f a c t  t h a t  evaporation lo s ses  occur m u s t  
be borne i n  mind. Sodium chlor ide predominates by far  among t h e  organic 
components of persp i ra t ion .  During persp i ra t ion  s t imulat ion procedures 
i n  a l i g h t  bath, hot  a i r  bath and steam bath, E. Crame determined t h a t  
t h e  residue of human persp i ra t ion  shows a r e l a t i v e l y  constant N a C l  con- 

Cramer) have been in t e re s t ed  e i t h e r  i n  t h e  quan t i t a t ive  and q u a l i t a t i v e  
composition of persp i ra t ion  or i n  t he  water secre t ion  of t h e  skin under 
various ex te rna l  conditions.  The r e s u l t s  of these  authors as t o  the  
r e l a t ionsh ip  between secre t ion  and N a C l  content (which we studied i n  a 
f i r s t  curve) do not agree. 
t i v e l y  constant N a C l  values, K i t t s t e i n e r  determined t h a t  N a C l  content 
i s  so dependent on secre t ion  t h a t  it increases  as the  amount of secre t ion  
per u n i t  of t i m e  increases .  These contradictory f indings may be par t ia l -  
l y  due t o  t h e  type of secre t ion  s t imulat ion and the  manner of co l l ec t ion  

Recovery of pure  persp i ra t ion ,  f r e e  of skin sebum 

t e n t  of 0.64-0.74 percent.  Most authors (Rubner, S p i t t a ,  Erismann, /298 

Whereas S p i t t a  and E. Cramer obtained r e l a -  

%his  work w a s  undertaken under t h e  d i r e c t i o n  of Di rec tor  D r .  Lewitzky 
and completed under t h e  d i r e c t i o n  of Professor  S. Kaplun. 
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used. Furthermore, Cohnheim, Kreglinger, Tobler and Weber, i n  t h e i r  
study "zur Physiologie des Wassers und NaC1"  (The Physiology of Water 
and NaC1) determined t h a t  C 1  el imination through pe r sp i r a t ion  i s  so g r e a t  
t h a t  it may cause C1-hunger. This C 1  def ic iency  from heavy pe r sp i r a t ion  
leads  t o  C 1  r e t e n t i o n  i n  succeeding days, which means t h a t  weight l o s s  
after heavy persp i r ing  w i l l  not be recovered during t h a t  period. 
on c l i n i c a l  observations concerning t h e  r e l a t ionsh ip  between water and 
sa l t  i n  t h e  organism, Tobler concluded t h a t  one m u s t  d i f f e r e n t i a t e  be- 
tween th ree  s tages  i n  weight l o s s  due t o  water secretion: 

Based 

1. 
sec re t ion  i s  s l i g h t  and may be recovered by t h e  in take  of water. 

Concentration loss,  which occurs when weight loss  due to water 

2. Reduction loss ,  when weight loss may only be compensated f o r  by 
water and sa l t  in take .  

3. Destruction loss ,  which i s  accompanied by t i s s u e  daroage. I n  
these  cases, N a C l  administration l eads  t o  edema. 

According t o  Tobler ' s  terminology, w e  mus t  consider weight loss  
through pe r sp i r a t ion  as reduction l o s s .  This explanation agrees wi th  t h e  
observations of Winkhaus, who examined miners working a t  high atmospheric 
temperatures. According t o  h i s  data, 4-5 l i t e r s  of water cannot compen- 
sate f o r  weight loss  suffered on one day due t o  heavy pe r sp i r a t ion  secre- 
t i o n .  The administration of water only leads  t o  "water poisoning," 
whereas increased N a C l  prevents t h i s .  The e f f e c t s  of water and N a C l  on 
d i u r e s i s  have always received g r e a t  a t t e n t i o n  wi th in  t h e  f i e l d  of water- 
N a C l  metabolism. 
t h i s  subject.  
1 l i t e r  of water i n  t h e  morning. Diuresis,  which passed quickly, devel-  
oped i n  3 hours. It w a s  lessened by t h e  addi t ion  of N a C l  (see Table I). 

Among o thers ,  F. Brunn ( R e f .  2) published s tud ie s  on 
I n  Brunn's experiments, t h e  subjec t ,  under bed r e s t ,  drank /299 

Table  I (according t o  Brunn) 

4-hr u r ine  Spec i f ic  N a C l  i n  
volume g rav i ty  t h e  u r ine  Liquid in take  

11 0.9 $ NaC1 

1 1 d i s t i l l e d  1000 cc 1001 495 g 

500 cc  
1 1 2.4 % N a C l  330 cc 1010-1013 4.5 g 

water 

K i t t s t e i n e r ' s  experiments show t h a t  t h e  secreted amounts of ur ine  
and pe r sp i r a t ion  have a near ly  r ec ip roca l  re la t ionship ,  a f ind ing  a l s o  
confirmed by o the r  authors. 
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t h e  
few 

The r o l e  played by t h e  NaCl i n  t h e  blood and o the r  body l i q u i d s  i n  
water -sa l t  metabolism i s  extremely important. Research i n  t h e  l as t  
years (Zondek, Kraus)  i n t o  t h e  p a r t  played by t h e  e l e c t r o l y t e s  i n  

l i f e  processes shows t h a t  t h e r e  i s  a close r e l a t ionsh ip  between t h e  e l ec -  
t r o l y t e  balance of t h e  blood and t h e  func t iona l  condition of t h e  body. 
I n  t h i s  connection, w e  undertook t o  determine t h e  dynamics of chloride 
i n  persp i ra t ion ,  t h e  N a C l  concentration i n  t h e  blood and persp i ra t ion ,  
and t h e  t o t a l  N a C l  l o s s  t o  t h e  body. Further, we conducted comparative 
s tud ie s  on t h e  e f f e c t  of water and s a l i n e  so lu t ion  in take  on t h e  per- 
centage of ch lor ides  i n  t h e  blood and pe r sp i r a t ion  a t  high ambient tem- 
peratures.  This  experimental design allowed u s  t o  expla in  a phenomenon 
observed i n  d a i l y  i n d u s t r i a l  h e a l t h  p rac t i ce  which t o  da t e  has not been 
explained s a t i s f a c t o r i l y .  This i s  t h e  f a c t  t h a t  workers i n  hot  indus- 
t r i a l  i n s t a l l a t i o n s  (both i n  t h e  USSR and abroad) d r ink  s a l t  water pre- 
pared by d isso lv ing  a few handfuls of sa l t  i n  t h e i r  drinking water. 

The previously used methods of pe r sp i r a t ion  co l l ec t ion  (including 
rubber bags, sponges, spec ia l ly  prepared underclothes, g l a s s  cy l inders )  
were too  o f t en  accompanied by water loss through evaporation or due t o  
abnormal conditions. We rea l i zed  a t  t h e  beginning of our study t h a t  we 
mus t  choose a method which would s u i t  our purpose by approaching n a t u r a l  
conditions as c lose ly  as poss ib le  and by eliminating evaporation. We 

pe r sp i r a t ion  co l l ec t ion  was used: The pe r t inen t  p a r t  of t h e  body w a s  
ca re fu l ly  washed wi th  d i s t i l l e d  water and dr ied  wi th  co t ton  before t h e  
persp i ra t ion  procedure s t a r t e d .  Cleaning wi th  alcohol or o the r  chemicals 
w a s  avoided purposely, to preclude l o c a l  sk in  i r r i t a t i o n s .  
s p i r a t i o n  drops emerged they were absorbed by a piece of f i l t e r  paper, 
which w a s  immediately reweighed. Collection and subsequent weighing (by 
t o r s i o n  sca l e )  of t h e  perspiration-soaked paper w a s  completed wi th in  1-5 
seconds. 
methods of avoiding evaporation without d i s rup t ing  normal pe r sp i r a t ion  
secre t ion ,  besides permitt ing co l l ec t ion  o f f r e s h  pe r sp i r a t ion  a t  any t i m e  
during t h e  experiment. 
f i l t e r  paper when it w a s  car r ied  from t h e  t e s t  chamber to t h e  sca le ,  w e  
constructed a simple apparatus. It cons i s t s  of a g l a s s  cylinder stoppered 
on one end with a damp piece of co t ton  and with a cork on t h e  o ther .  The 
cork stopper has a narrow s l i t  through which bone-tipped forceps  may be 
inser ted .  

used t h e  very comfortable Bang micromethod. The following method of /300 

A s  t he  per- 

This method of c o l l e c t i o n  has t h e  advantage over previous 

To avoid evaporation from t h e  surface of t h e  

The ch lor ine  determination i n  t h e  blood, i n  blood serum and i n  per- 
s p i r a t i o n  w a s  conducted according t o  t h e  Bang micromethod. The blood 
serum was ex t rac ted  by coagulation i n  a Pasteur p ipe t t e ,  which vas stop- 
pered immediately af ter  t h e  blood w a s  taken wi th  a cork coated with 
pa ra f f in .  A f t e r  some time, t h e  serum which w a s  s t i l l  l i q u i d  w a s  removed 
with another p ipe t t e ,  soaked i n t o  f i l t e r  paper, and subjected t o  t h e  
u s u a l  procedures. W e  made a blood serum chlor ine  determination because 
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t he re  i s  a d i f f e rence  i n  t h e  ch lor ine  content of erythrocytes and plasma. 
According t o  Abderhalden, Rusznyak and Rona, t h e  erythrocytes contain 
40-60 percent of t h e  ch lor ine  i n  plasma. Since blood thickening occurs 
during persp i ra t ion ,  a decrease i n  t h e  pe rcen t i l e  N a C 1  content could be 
caused by a re la t ive  increase  i n  erythrocytes.  
mination of t h e  pe rcen t i l e  N a C 1  content of t h e  blood i s  not s u f f i c i e n t  
f o r  evaluation of t h e  intermediate sal t  metabolism during persp i ra t ion .  

For t h i s  reason, a d e t e r -  

A con t ro l  sample was always taken during chlorine determinations 
i n  blood and persp i ra t ion .  Comparison of t h e  values obtained showed 
exce l l en t  co r re l a t ion  ( t o  O.OO2-G.O3 percent) (Table 11). 

Table I1 /301 

Sub j e c t  Date 40 ’ 80 1 120 150 1 180 1 

N a C l  ‘$ N a C l  ‘$ N a C l  $ N a C l $  N a C l  ‘$ 

K. 21 September 0.4557 0.6094 0.6400 - - 
21 September 0.4859 0.6132 0.6549 - - 
29 September 0.3645 0.5850 0.6052 - - 
29 September 0.3680 0.5800 0.6036 - - 

B -W 12 Apral 0.1563 0.2134 0.2250 0.2414 0.2357 
B -W 12 Apri l  0.1567 0.2231 0.2454 0.2421 0.2416 
B -W 14 Apri l  0.1680 0.1672 0.1791 0.2021 0.2123 

14 Apri l  0.1763 0.1672 0.1780 - 0.2177 

K -W 22 February 0.6623 0.8085 0.8929 - - 
22 February 0.6746 0.7953 0.9078 - - 
22 March 0.7553 0.8531 0.9506 1.000 1.231 
22 March 0.7313 0.8520 0.9520 1.000 - 

The t e s t s  were conducted i n  an experimental heat chamber’ and were 
These conditions car r ied  out a t  46’~ and 50 percent r e l a t i v e  humidity. 

’The experimental hea t  chamber w a s  constructed i n  1925 according t o  t h e  
spec i f i ca t ions  of D r .  Lewitzky. The wa l l s  cons i s t  of g l a s s  p l a t e s  0.5 
em th i ck .  
l i g h t i n g  conditions and dus t  p a r t i c l e s  i n  t h e  a i r  may be reproduced i n  
t h i s  chamber. The cubature of t h e  chamber i s  41.8 cm. The v e n t i l a t i o n  
arrangement permits s t a b l e  a i r  c i r cu la t ion .  
p l e t e l y  i n  10 minutes by use of t h e  pressure in take  and suc t ion  valves 
and i s  warmed by 4 r a d i a t o r s .  
i n  from a steam b o i l e r .  Temperature v a r i a t i o n s  a r e  never g r e a t e r  than  

A l l  v a r i a t i o n s  i n  temperature, r e l a t i v e  humidity, a i r  movement, 

The a i r  can be  changed com- 

The a i r  i s  humidified by water vapor piped 
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were kept  a s  constant as poss ib le  during each tes t  s e r i e s .  
22-25 were t h e  subjec ts .  They came t o  t h e  t e s t s  i n  t h e  morning and with 
empty stomachs. The experiments were performed with t h e  subjec ts  nude 
and r e s t i n g  prone. Blood was taken from t h e  f i n g e r t i p s  and pe r sp i r a t ion  
was co l lec ted  from t h e  forehead. To e l imina te  t h e  influence of t h e  high 
chamber temperatures on t h e  physical c h a r a c t e r i s t i c s  of t h e  blood, t h e  
subjec ts  extended t h e i r  arms through a window i n  t h e  chamber when blood 
w a s  drawn. The l i v i n g  hab i t s  and d i e t  of t he  subjec ts  were regular .  
S ix  subjec ts  were used i n  t h e  experiments. 

Students aged 

Our experiments were arranged i n  t h r e e  s e r i e s .  During t h e  f i rs t  
series, t h e  subject received no water. 
t h e  second series and 2 l i t e r s  of 1 percent s a l i n e  so lu t ion  during t h e  
t h i r d  series. Experiments i n  t h e  f i r s t  s e r i e s  lasted 2 hours, while 
those i n  t h e  second and t h i r d  series l a s t e d  3 hours. Blood ex t rac t ion ,  
weighing, and pe r sp i r a t ion  co l l ec t ion  were conducted a t  predetermined 
t i m e  i n t e r v a l s ,  namely a t  0, 40, 80, 120, 170 and 180 minute& a f t e r  t h e  
s ta r t  of t h e  experiment. 
of body temperature (per  o s )  and pulse. The f i r s t  pe r sp i r a t ion  sample 
was taken 40 minutes a f t e r  t h e  s ta r t  of t h e  experiment, s ince  our expe- 
r i ence  showed t h a t  pe r sp i r a t ion  begins a f t e r  30-40 minutes a t  46% and 
50 percent r e l a t i v e  humidity. 

He received 2 l i t e r s  of water i n  /304 

The same procedure w a s  followed i n  measurement 

The following may be determined from t h e  tables: Weight l o s s  i n  
t h e  experiments conducted without water in take  reached about 1000 & i n  
2 hours. This value i s  a constant f o r  t h e  given subject,  and a l s o  w a s  
the  mean f o r  a l l  subjec ts  (only i n  B-n (Table 111) did t h e  weight loss 
climb t o  1800 g ) .  

Secre t ion  ve loc i ty  i s  subjec t  t o  t h e  same var ia t ions :  we never 
obtained constant values i n  t h e  same time period. 
f i r s t  i n t e r v a l  weight loss (pe r sp i r a t ion  volume) was 200 g, while it 
was 400 g i n  both t h e  second and t h i r d  i n t e r v a l s ,  i n  one day. 
t i m e  t h e  weight l o s s  of t h e  same subjec t  was 200 g i n  t h e  f i r s t  i n t e r v a l ,  
700 g i n  t h e  second and 300 g i n  t h e  t h i r d  (Table V) .  

For example, i n  t h e  

Another 

The t o t a l  amount of N a C l  secreted i n  pe r sp i r a t ion  wi th in  2 hours 
reached 7 g. The N a C l  content of t h e  pe r sp i r a t ion  i s  dependent on t h e  

(footnote continued from previous page) 
t i o n  never more than  5 percent. 
may be produced. 
spray. 

l 0 C  and r e l a t i v e  humidity varia- 
Lighting i n  a l l  co lors  of t h e  spectrum 

A r t i f i c i a l  r a i n  can be generated by a very f i n e  water 

'Part of t h i s  weight l o s s  i s  caused by water loss through r e s p i r a t i o n  
and CO;! el imination during persp i ra t ion .  
(at  46Oc and 50 percent r e l a t i v e  humidity) t h a t  it may be disregarded. 

This l o s s  i s  so s l i g h t ,  however, 
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length  of t h e  experiment, increasing as t h e  experiment i s  extended. We 
see i n  Table  I11 t h a t  i n  the  120th minute it increases  t o  0.94 percent, 
whereas it w a s  only 0.70 percent a t  the  40th minute . We observed the  
following i n  t h e  f irst  series of experiments: 
1000 g, a decrease i n  percent i le  N a C l  content i n  t h e  blood and i t s  in -  
crease i n  persp i ra t ion ,  and a s ign i f i can t  loss  i n  t o t a l  NaC1 ,  which 
reached 7 g. 

/305 1 
a body weight decrease of 

I n  t h e  second s e r i e s  of  experiments, t h e  subject  received 2 1 of 
water i n  amounts of 500 cc a t  the  beginning of each i n t e r v a l  and mani- 
f e s t ed  more severe persp i ra t ion  secretion;. t h e  weight l o s s  reached 
2250 g. Although t h e  experimental conditions were held constant i n  
t h i s  s e r i e s ,  w e  obtained varying amounts of persp i ra t ion .  W e  could f u r -  
t h e r  confirm t h a t  t h e  percent i le  content of N a C l  i n  t h e  pe r sp i r a t ion  in -  
creased as t h e  experiment progressed (from 0.67 t o  0.86 percent) .  This 
shows t h a t  the  N a C l  content i s  only dependent on the  length  of t h e  ex- 
periment. A s ign i f i can t  decrease i n  the  N a C l  content of t h e  blood a l s o  
occurs with water intake.  Tota l  N a C 1  loss  ( R e f .  2) through t h e  sk in  
reached 19 g. Diuresis  occurred wi th  water intake,  independently of 
persp i ra t ion  secre t ion .  Urine secre t ion  reached 1000 cc. 

These data lead t o  t h e  conclusion t h a t  water intake has no inf luence 
on s h i f t s  i n  t h e  N a C l  l e v e l  of t h e  blood. 
t ion leads t o  even l a r g e r  N a C l  secre t ion  and water e l iminat ion (through 
t h e  kidneys and t h e  skin) .  

Water intake during persp i ra -  

I n  the  experiments conducted i n  the  t h i r d  se r i e s ,  t h e  subject  r e -  
ceived 500 cc of 1 percent so lu t ion  (5g NaC1)  a t  t h e  beginning of each 
in t e rva l ,  or a t o t a l  of fou r  doses. 
content of t h e  blood and blood serum followed. These increases  were 
subject  t o  var ia t ions ,  b u t  the  leve ls  always remained higher than normal. 

An increase i n  t h e  pe rcen t i l e  N a C l  

Body temperature increased i n  each case .in t h e  tes t  subjec t  B-n i n  
Table 111. 
37.7OC. 

It increased about l 0 C  i n  120-180 minutes, o r  from 36 .80~ t o  
The highest  temperature reg is te red  w a s  38.2Oc. 

The body weight loss was smaller than the  amount of water adminis- 
It reached 1860 g. t e red .  The t o t a l  l o s s2  of N a C l  w a s  about 1 4  g. 

'In t h i s  case, therefore ,  t h e  increased glandular a c t i v i t y  i s  accompanied 
by an increase i n  N a C l  concentration. The pe rcen t i l e  NaCl content of t h e  
blood decreases (from 55-1/2 t o  53-1/2). 
2The amount of N a C l  secreted was calculated by multiplying t h e  weight 
loss by t h e  pe rcen t i l e  NaC1 content i n  t h e  persp i ra t ion  taken from t h e  
forehead. The poss ib l i t y  of such a ca lcu la t ion  was confirmed i n  a s e r i e s  
of preparatory experiments conducted i n  order t o  determine t h e  N a C 1  
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The phenomenon of retarded el iminat ion i s  re la ted  to r e t en t ion  processes 
i n  t h e  organism when t h e  N a C l  balance i s  correspondingly positive1. Since 
the  experimental conditions were i d e n t i c a l  during t h e  e n t i r e  s e r i e s ,  
t hese  changes may be a t t r i bu ted  to t h e  e f f e c t  of NaC1. 

/306 

No dependence e x i s t s  between t h e  N a C 1  content of t h e  pe r sp i r a t ion  

With regard t o  pulse  and body temperature, the  readings taken 
and t h e  amount of N a C l  administered. The same may be said for water 
intake.  
i n  t h e  t h i r d  s e r i e s  showed t h a t  t h e  increase w a s  somewhat re tarded.  All 
t e s t  subjec ts  were aware of t h e  f a c t  t h a t  s a l i n e  so lu t ion  in take  made 
it e a s i e r  to undergo the  experimental conditions.  They did not  complain 
of headaches and were ab le  t o  read during the  experiment, which they had 
not been ab le  t o  a l low i n  the  first and second s e r i e s .  Furthermore, 
they a l l  expressed t h e i r  wil l ingness  t o  remain for a longer period i n  
the  chamber. 

Summary 

1. The pe rcen t i l e  NaCl content i n  persp i ra t ion  i s  dependent on t h e  
length of t h e  experiment, increasing as the  t i m e  of t e s t  i s  extended. 

2. Persp i ra t ion  causes a decrease i n  t h e  NaCl content of whole 
blood and blood serum and changes i n  the  intermediate NaCl metabolism. 

3. Water in take  during persp i ra t ion  leads  t o  g rea t e r  secre t ion  of 
N a C l  and water. 

4. The changes wrought by persp i ra t ion  on water-NaC1 metabolism /307 
may be inh ib i ted  by adminis t ra t ion of a 1 percent s a l ine  so lu t ion .  

( footnote  continued from previous page) content i n  pe r sp i r a t ion  col lected 
from various parts of t he  body. According t o  both K i t t s t e i n e r ' s  and our 
own da ta ,  t h e  pe rcen t i l e  N a C l  content i n  f a c i a l  persp i ra t ion  i s  higher 
than t h a t  taken from other  p a r t s  of the  body. 
which were calculated from f a c i a l  persp i ra t ion ,  are not  absolute,  b u t  
represent  "conditional values ."  

These va lues  have more than t h e i r  p r a c t i c a l  s ignif icance i n  t h e  
determination of t h e  amount of N a C l  in take necessary t o  compensate for 
loss. They a l s o  have t h e o r e t i c a l  i n t e r e s t  i n  t h e  comparison of t h e  
amounts of N a C l  secre.ted when d i f f e r e n t  l i q u i d s  a r e  drunk ( i . e . ,  t h e  
system of s a l t  addi t ion  made to t h e i r  f l u i d s  by workers on t h e  job. 
p les  a r e  now being evaluated i n  our l a b o r a t a r i e s ) .  

As a r e s u l t ,  our values, 

Sam- 

'The amount of N a C l  re ta tned w a s  calculated by subtract ing t h e  amount 
secreted from t h e  amount ingested ( f o r  example: 20 g - 9.46 g = 10.54 g ) .  
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